In the United States (U.S.), the costs for health care and lost productivity due to diagnosed diabetes has increased from $174 billion in 2007 to $245 billion in 2012, making it one of the fastest growing public health burdens [1] . Nearly 26 million adults have diabetes, and another 79 million have prediabetes, a condition that increases the risk for developing type 2 diabetes [2] . Clearly to reduce the costs and improve health, preventing diabetes must be a priority. The Diabetes Prevention Program study showed that a lifestyle modification program of reduced dietary intake and increased physical activity resulting in a 7% weight loss can delay or prevent progression to type 2 diabetes in overweight and obese adults at high risk by more than 50% [3] . Thus, focusing on methods to address overweight, improve diet and increase physical activity is essential.
Introduction
More than one-third of adults in the U.S. are obese, defined as a BMI greater than or equal to 30 kg/m 2 . Obesity is accompanied by increased risk for type 2 diabetes as well as greater levels of hypertension, dyslipidemia and risk for cardiovascular disease [4] . The incidence of obesity increased over the past 3 decades, although rates appear to be stabilizing for most groups over the last decade [5] . As recommended by the U.S. Preventive Services Task Force, it is imperative that primary care physicians (PCPs) screen their patients for obesity, and offer or refer their obese patients for high-intensity lifestyle interventions [6] . It is well recognized that health care providers can impact their patients' perception of their need to lose weight and advice from a physician has in some cases been reported to result in increased physical activity and weight loss [6] [7] [8] [9] [10] . Although low-intensity counseling by PCPs generally has limited effectiveness, working with patients to determine weight loss and health goals is an important first step in encouraging weight control [11, 12] .
The sampling methodology for the EB-PCP survey has been described elsewhere [13] . Briefly, a systematic stratified sample of PCPs was obtained using the American Medical Association's (AMA) Physician Masterfile as the sampling frame and data was collected between March and December 2008. The Masterfile includes demographic and practice-related data on all allopathic and most osteopathic physicians in the U.S. A random sample of 4429 physicians was drawn using specialty (family physicians, internists, pediatricians, and obstetricians/gynecologists) as the sampling strata to meet the targeted sample size of at least 400 respondents per PCP specialty. The sampling frame was sorted by U.S. Census region (Northeast, Midwest, South, and West); practice urbanicity; and physician sex to ensure adequate representation of these characteristics. The sample weight within each specialty stratum was proportional to the specialty's representation in the total U.S. physician population; thus, the survey data are nationally representative. The EB-PCP survey included 2,027 PCPs and physicians were in active, non-federal practices treating adults and/or children. The EB-PCP survey included three questionnaires: two versions of a physician questionnaire (tailored for those with adult or child patients) and a questionnaire examining the physician's practice environment that was completed by a subset of physician practices [15] . The current analysis uses data from the adult-focused questionnaire (n = 1211) and the practice environment questionnaire (n = 1034). The response rate for completing the physician questionnaire was 64.5% and the response rate for the practice environment questionnaire was 86%; the response rate was 55.5% for completing both questionnaires. The Office of Human Subjects Research reviewed the protocol and all related materials and designated the study exempt from IRB review (Exempt #3827, dated July 31, 2007).
Few data are available on the extent to which PCPs are assessing diet and physical activity in their patients and providing lifestyle advice. The National Cancer Institute (NCI) of the National Institutes of Health developed the National Survey of Energy Balance Related Care among Primary Care Physicians (EB-PCP), cosponsored by the Eunice Kennedy Shriver National Institutes of Child Health and Human Development, National Institute of Diabetes and Digestives and Kidney Diseases, the NIH Office of Behavioral and Social Sciences Research, and the Centers for Disease Control [13] . This nationally representative survey targeted four primary care specialties and included specific questions regarding glucose testing and lifestyle counseling. The American Diabetes Association recommends that all overweight or obese persons with additional risk factors, including physical inactivity, family history, high-risk race/ethnicity, women with a previous diagnosis of gestational diabetes or polycystic ovary syndrome, hypertension, poor cholesterol levels, prediabetes, or a history of cardiovascular disease, be tested for diabetes; in addition, all persons age ≥45 years should be tested [14] . The purpose of the current study is to determine the frequency of blood glucose testing by PCPs for patients who are overweight or obese and the frequency of testing by practice and physician characteristics. In addition, the prevalence of addressing diet, physical activity, and weight control among patients with diabetes or family history of diabetes is assessed and compared to the prevalence of lifestyle advice given to those with unhealthy behaviors but without weight-related chronic disease.
Methods
Physicians responding to the adult patient-focused questionnaire reported on the utilization and frequency of random or FBG testing among overweight or obese patients. First, physicians reported on whether they utilize blood glucose testing with or without the presence of additional risk factors for chronic diseases, for example, dyslipidemia, hypertension, or diabetes. Next, physicians who utilize blood glucose testing reported the frequency of testing by the presence or absence of additional risk factors. Responses for the frequency of testing included every 2 years, annually, every 6 months, more than twice a year, and other.
Blood glucose testing
Physicians were asked whether they address the need for improved diet/nutrition, physical activity, or weight control when treating patients who (1) have type 2 diabetes, (2) have a family history of type 2 diabetes, or (3) do not have weight-related chronic disease but have poor lifestyle behaviors or are overweight. For physicians who treat patients with type 2 or a family history of diabetes, physicians were asked "do you address diet/nutrition, physical activity, or weight control?" Responses were dichotomous (noted or not). Physicians who treat adult patients without weight-related chronic disease but who had an unhealthy diet, insufficient physical activity, or who were overweight, were asked whether they provide specific guidance on diet/nutrition, physical activity, or weight control. Responses were categorized as always or often vs. sometimes, rarely or never.
Nutrition, physical activity, and weight control
The American Medical Association's Physicians Masterfile was used to obtain information on physician specialty, years since graduation from medical school, and region and urbanicity. In the practice environment questionnaire, physicians or a proxy (e.g., office staff) reported on physician age, sex, race/ethnicity, the patient population treated, and whether physicians in the practice receive any incentive payments to perform diabetes screening; 85% of practice environment questionnaires were completed by a physician as opposed to a proxy.
Characteristics of physicians and medical practices
Percentages and standard errors were computed to describe the frequency of blood glucose testing and the prevalence of blood glucose testing ≥1 time per year according to physician and practice characteristics; for the prevalence of providing counseling or specific guidance for diet, physical activity or weight control; and for the prevalence of receiving incentive payments for diabetes screening. Differences in prevalence estimates were tested for statistical significance using two-sided t-tests; p-values were estimated using the test statistic and the degrees of freedom. Survey weights adjusting for oversampling of family physicians, undercoverage and survey nonresponse were applied in all analyses; the weighted data yield national estimates. Standard errors were included which are a measure of the sampling variability in the estimate; the standard errors are a function of the population standard deviation, the sample size, and the study design. Replicate weights were generated for variance estimation using the Jackknife replication method [16] . SAS-callable SUDAAN (version 10.0 Research Triangle Institute, 2008) was used for analysis.
More physicians reported utilizing FBG testing compared to random blood glucose testing among overweight or obese patients (Table 1) ; either fasting or random blood glucose testing was performed more often in patients with additional risk factors compared to patients without additional risk factors. Specifically, when asked about overweight or obese patients with additional risk factors, 92.7% of physicians reported utilizing FBG testing and 75.0% of physicians reported utilizing random blood glucose testing (p<0.001). For patients without additional risk factors, FBG testing was reported by 85.7% of physicians while random blood glucose testing was reported by 70.6% of physicians (p<0.001). Utilization of FBG testing for patients with or without additional risk factors was higher in men vs. women (94.5% vs. 89.5%, p<0.001 and 87.9% vs. 81.8%, p = 0.003, respectively); utilization of random blood glucose testing for patients without additional risk factors was greater for men vs. women (p = 0.008). FBG testing every 6 months, or more than twice a year, was more frequent for overweight or obese patients with additional risk factors (45.3%) compared to those without additional risk factors (13.4%, p<0.001). Finally, the prevalence of testing FBG ≥1 time per year was greater for patients with additional risk factors (96.7%) compared to those without additional risk factors (80.8%, p<0.001) (Table1 and 2).
Statistical Analysis

Results
Frequency of blood glucose testing among adult patients who are overweight or obese The standard error is a measure of the sampling variability in the estimate; it is a function of the population standard deviation, the sample size, and the study design. Differences by specialty were identified. Internal medicine and family physicians reported testing FBG ≥1 time per year for patients with additional risk factors more often than obstetrician/gynecologists (99.2% and 99.1% vs. 79.6%, respectively, p<0.001 for both) ( Table 2 ). In addition, the prevalence of FBG testing was reported more often by non-Hispanic Asian physicians compared to non-Hispanic white physicians (99.1% vs. 96.1%, p = 0.001). There was no difference in testing prevalence by practice type, sex of physician, years since physician graduation from medical school, or region of practice. The standard error is a measure of the sampling variability in the estimate; it is a function of the population standard deviation, the sample size, and the study design Table 2 : Prevalence of testing FBG ≥1 time/year by physician characteristics for patients who are overweight/obese When reporting on patients without additional risk factors, more PCPs in solo vs. group practices reported testing FBG ≥1 time per year (86.1% vs. 79.4%, p = 0.033). Specialty differences were similar to reports on patients with additional risk factors; more internal medicine (90.9%) and family practice physicians (77.4%) reported FBG ≥1 time per year than obstetrician/gynecologists (54.2%) (p<0.001 for both). In addition, non-Hispanic black physicians reported more often testing FBG≥1 time per year compared to non-Hispanic white physicians (92.5% vs. 78.9%, p = 0.002).
*
Estimates are among physicians who treat patients with diabetes or patients with a family history of diabetes † Prevalence includes responses often or always (vs. sometimes, rarely, never) (13, 14) . a, b, c, d, , e, f p<0.05 The standard error is a measure of the sampling variability in the estimate; it is a function of the population standard deviation, the sample size, and the study design Table 3 : Prevalence of addressing diet, physical activity, and weight control Discussion For patients with type 2 diabetes, the prevalence of a physician addressing diet, physical activity or weight control was very high (98.9%, 97.7%, 94.9%, respectively) (Table 3) . Similarly, about 90% of physicians addressed each of these behaviors in patients with a family history of type 2 diabetes. The prevalence of addressing diet, physical activity, or weight control for patients with type 2 diabetes or a family history of diabetes was significantly higher compared to patients with unhealthy behaviors or who were overweight but without weight-related chronic disease (p<0.05 for all). The majority of physicians reported not receiving incentive payments for diabetes screening (83.5%) compared to a small percentage who did (13.4%, p<0.001) (data not shown). Nevertheless, the prevalence of testing FBG ≥1 time per year for obese or overweight patients with additional risk factors was slightly although statistically significantly higher for practices that received incentive payments for diabetes screening compared to practices that did not receive incentives (100.0% vs. 96.2%, p<0.001) ( Table  4) ; for patients without additional risk factors, the trend toward more testing by physicians receiving incentive payments was not statistically significant.
Prevalence of addressing diet, physical activity and weight control
Prevalence of incentive payments for diabetes screening
This national survey suggests that PCPs are testing for diabetes and prediabetes at high frequency for their adult patients at risk, with more than 90% testing FBG in overweight and obese patients with additional risk factors, and the vast majority testing annually or more frequently. Even when treating overweight and obese adults without additional risk factors, more than 85% of PCPs report measuring FBG at least every two years. Table includes respondents who completed both the physician and practice environment questionnaire (55.5% response rate) and physicians who utilized the screening test. The standard error is a measure of the sampling variability in the estimate; it is a function of the population standard deviation, the sample size, and the study design. *Few physicians reported "don't know" whether they received incentive payments for diabetes screening (N = 14 for those treating patients with additional risk factors; N = 13 for those treating patients without additional risk factors); Data include only those physicians whose practices reported on incentive payments for diabetes screening. a p<0.001 Table 4 : Prevalence of testing FBG ≥1 time/year for patients who are overweight/obese by incentive payments for diabetes screening Although fewer physicians report monitoring random blood glucose than FBG, a majority report using random blood glucose testing at least every two years. Although random blood glucose is not recommended for screening for diabetes or prediabetes, it is possible that random blood glucose is done as part of a standard laboratory panel being collected for other purposes; or it may be measured because requiring a patient to come to the doctor's office for a fasting sample is inconvenient. However, the ADA offers an HbA1c testing as an alternative to FBG or OGTT, and this may be an option when obtaining FBG or an OGTT are not feasible. In addition, the FBG is the preferred test to diagnose diabetes because it is more convenient for patients, less costly, and the repeat-test reproducibility is better compared to the OGTT [17] . Use of HbA1c testing was not assessed in this survey, but PCPs may wish to consider using HbA1c to screen for dysglycemia when their patient comes to the office in a non-fasting state. For monitoring of glycemic control in patients with diabetes, self-monitoring of blood glucose and HbA1c are recommended, rather than a single random blood glucose.
This study had many strengths, including surveying a nationally representative sample of PCPs in four different specialties. Limitations include lack of information on potential screening measures for diabetes or prediabetes other than FBG or RBG. Therefore, this survey could have underestimated the percentage of physicians who are screening for diabetes. Since the phrase additional risk factors were not defined for the physicians in the questionnaire, they likely included patients with diabetes in their responses to frequency of glucose testing. Thus, the distribution for frequency of testing blood glucose reported here may be shifted higher since those with diabetes would be expected to have their blood glucose tested more frequently than those without diagnosed diabetes. In addition, survey data on PCP behaviors did not obtain information regarding how these counseling or testing behaviors differed based on patient age. It is likely that internists and family physicians would be treating an older cohort of patients, in whom blood glucose screening is recommended even without additional risk factors, while OB-GYNs, whose patient population would likely be skewed towards women of childbearing age, would have more patients in whom diabetes screening would not be indicated based on age criteria alone [18] . Thus, the relatively low prevalence of glucose screening for patients without additional risk factors (54%) in OB-GYNS compared with internists (91%) and family physicians (77%) may reflect screening practices of differing populations of patients. Finally, the data on screening is self-reported by physicians. However, a previous validation study suggests that physician self-report of preventive medicine behaviors and practices is reliable [19] .
In this survey, PCPs reported being very likely to provide general counseling for changing diet, physical activity, or weight for patients with type 2 diabetes or a family history of diabetes; the prevalence of providing counseling was higher for these patients compared to those with unhealthy behaviors or overweight but without weight-related chronic disease. Patient perceptions of physicians' advice on weight control may differ from that reported by physicians. A study of patients with prediabetes found that only about 1/3 reported receiving advice on weight control, change in diet, or physical activity [20] .
Smith, et al found that even when PCPs do report high levels of weight control counseling, only 60% reported systematically tracking/following patients with weight related chronic diseases over time to assess progress related to diet, physical activity or weight control, and only 43% reported such tracking for their lower-risk patients without weight related chronic disease [13] . Lowintensity counseling by physicians has not been shown to lead to successful weight loss, suggesting the need for additional physician training in evidence-based strategies for providing comprehensive lifestyle intervention counseling, as well as alternative modes of delivery, including referral to other health professionals or programs [21] . Unfortunately, a minority report referring their overweight patients or patients with unhealthy diet and physical activity behaviors to a health professional or program outside of their practice for evaluation and/or management. Additional results from Smith, et al indicated that even among patients with weight-related chronic disease, only 41% report often or always making such referrals, and only a small number (18%) routinely referred patients without weight related chronic diseases for further evaluation or management [13] . Improvements in structural factors that impact practice, such as reminder or referral systems using the electronic medical record, clinician incentives for screening and management, training and reimbursement for lifestyle counseling, and access to trained interventionists may all improve the likelihood of proper provision of energy balance care [15] .
Physicians are more often utilizing ADA-recommended FPG testing than random blood glucose testing in their U.S. practices. In addition, the majority are testing FPG at least annually, regardless of whether their overweight or obese patients have additional risk factors, and are providing general counseling on healthy lifestyle behaviors to their patients with type 2 diabetes or a family history of diabetes. Although these results are quite positive, it is unknown how these factors ultimately affect diabetes prevention and diabetes management. Further investigation is needed on how these practices translate to individual outcomes.
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